The levels of IgG determined by ELISA may have limited relevance in human immunodeficiency virus (HIV)-infected adults because of nonfunctional antibodies. 58
Introduction
More than 60% of the 40 million people living with HIV in the world are in sub-Saharan Africa [1] . HIV infection is, therefore, a major health concern facing adults in this area. The authors' previous study of community-acquired pneumonia (CAP) among adults in Uganda revealed a high prevalence of HIV-1 infection among these patients [2] . The majority of HIV-1 infected patients with CAP have peripheral CD4
counts below 400/μl. Streptococcus pneumoniae (S. pneumoniae) was found to be a common pathogen, which was isolated in approximately 40% of bacterial CAP. The host defense against S. pneumoniae depends largely on opsonophagocytic killing antibodies to capsular polysaccharide (CPS) [3, 4] , although an antibody-independent, CD4 + T cell-dependent mechanism of protection has been reported in mouse model [5, 6] . Low opsonic activity in the sera of HIV-infected African adults, therefore, predisposes them to a serious risk of invasive pneumococcal infections [7] [8] [9] .
Approaches to prevent bacterial pneumonia in adults with HIV infection involve antimicrobial prophylaxis, highly active antiretroviral therapy (ART) and vaccination [10] . Although a significant decrease in the rates of bacterial pneumonia in HIV-infected adults after antimicrobial prophylaxis with co-trimoxazole has been reported in Cote, d'Ivoire [11] , further studies are required to confirm its effects in preventing bacterial pneumonia even in areas where penicillin-resistant pneumococci are highly prevalent in the population [12] . ART can prevent bacterial pneumonia in HIV-infected adults in developed countries, but this has not been confirmed in developing countries [13] .
Although the WHO recommends that HIV-infected adults and adolescents, who are either in WHO clinical staging 4 or have a CD4 cell count below 200/μl start ART [1] , an access to ART is limited in sub-Saharan Africa including Uganda [14] . The WHO estimates that only 20% of the estimated 6.5 million people in low and middle-income countries who are in urgent need of ART were receiving ART at the end of 2005 [15] .
Previous studies reported the effects of pneumococcal polysaccharide vaccine (PV) in HIV-infected African adults [16, 17] . A clinical study of PV in HIV-infected Ugandans, however, has demonstrated an increased risk of invasive pneumococcal infection and no protection against all-cause pneumonia [18] , and the same group subsequently reported a 16% reduction in all-cause mortality after PV vaccination [19] . The use of PV in HIV-infected African adults is therefore inconclusive. On the other hand, previous studies in the Netherlands, US and Uganda reported promising effects of pneumococcal conjugate vaccine (CV), which induced high levels of serotype-specific IgG among HIV-infected adults [20] [21] [22] . Furthermore, an enhanced antibody response to certain serotypes has been shown in HIV-infected adults following immunization with PV after prior immunization with CV [20, 23] . The concentration of serotype-specific IgG determined by ELISA, however, may have limited relevance in HIV-infected adults and children because of nonfunctional anti-CPS IgG [6, 7, 24, 25] . Analysis of serum opsonophagocytic killing (OPK) activity is, therefore, required to study the immunogenicity of CV in HIV-infected adults. This study was designed to determine whether immunization with CV followed by PV could increase the levels of serotype-specific IgG and OPK titers against S. pneumoniae in sera of HIV-infected African adults before the introduction of ART.
Materials and methods

Subjects
After providing written informed consent, HIV- Table 1 ). Plasma HIV-1 RNA loads were quantified as described elsewhere for the total of 58 HIV-infected adults [26] .
Enrolling 90 subjects in three study groups would have given the study 70% power at an alpha level of 0.05 to detect a significant increase in the percentage of persons responding with a ≧ 2-fold rise in the serum levels of serotype-specific IgG from 42%
to 74% between groups of HIV-infected and HIV-uninfected adults [27] .
Immunization of study subjects with pneumococcal vaccines
7-valent CV (Prevenar R , Wyeth-Lederle), containing 2 μg of six serotypes (4, 9V, 14, 18C, 19F and 23F) and 4 μg of CPS from 6B covalently linked to a CRM 197 , non-toxic mutant diphtheria toxin, was given as an intradeltoid injection to all of the study subjects. Two months after CV vaccination, 23-valent PV (Pneumovax, Merck-Banyu), which contains 25 μg of each of 23 serotypes was given as an intradeltoid injection to all of the study subjects. All of the study subjects were requested to visit the outpatient department of JCRC, and be examined by two physicians immediately before and 2, 3 and 8 months after CV vaccination. Serum samples were also obtained at the time of the scheduled visits throughout the study, and stored at -80℃ until use. When they had new symptoms, the participants were asked to visit the outpatient department of the JCRC for medical examination by the physicians. At 8 months post-CV vaccination, the peripheral CD4 + cell count was reexamined in HIV-infected adults. While all of HIV-infected subjects were successfully followed for the study period, six of the HIV-uninfected healthy control subjects were lost by the time of follow-up. Sera were subsequently collected from 23 HIV-uninfected subjects 8 months after CV vaccination.
Determination of serotype-specific IgG levels
Since preabsorption of serum with both cell wall polysaccharide (PS) and 22F PS is necessary to remove non-specific antibodies in HIV-infected adults and HIV-uninfected adults, the concentrations of serotype-specific IgG were measured using the US reference pneumococcal antiserum (89 SF-3), courtesy of Dr. Carl Frasch, as previously described [28, 29] . Among 29 pneumococcal isolates known as etiologic agents of CAP in Ugandan adults [2] , 5 strains of serotype 4 and 3 strains of serotype 14 were identified (unpublished data). Therefore, we decided to use ELISA to determine the IgG levels in sera for serotypes 4 and 14 CPS, which are major serotypes in Uganda. OPK titer against S. pneumoniae was measured as described elsewhere with some modification [32] . Briefly, the differentiated HL-60 cells were used at an effector/ target cell ratio of 400/1. 10 μ1 of serially diluted serum sample was aliquoted into each well of 96-well microtiter plate. S. pneumoniae serotype 4 (strain P-03-106) or serotype 14
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(strain P-03-170), both isolated from patients with CAP, were used for this assay. In addition, we also employed two reference strains (DS2382-94 for serotype 4 and DS2214-94 for serotype 14) as standard quality control strains for this assay [32] . These reference strains were gifts from Dr. Moon H. Nahm, University of Alabama at
Birmingham. 20 μl of bacterial suspension (~10 3 cfu) was added to each well. Then the plate was allowed to incubate at 37ºC in a 5% CO 2 Quality control sera (sera with a known titer) were added to each plate and the blinded test samples for OPK titer were examined only when the titers of quality control sera were identical. Functional activity of serotype-specific IgG was expressed as a concentration of IgG required for 50% killing of pneumococcal strain by dividing the IgG concentration of a test sample by OPK titer.
Statistical analysis
The subjects' ages, CD4 + cell count and levels of HIV-1 viral load were compared by 1-way analysis of variance and by multiple comparison methods. Differences in geometric mean concentrations (GMCs) of serotype-specific IgG, OPK titers and the ratios of OPK titer to serotype-specific IgG were assessed using the Friedman and Steel-Dwass tests [33] . The significance of the correlation was estimated using Spearman's rank correlation. Data were considered significant when P <0.05.
Results
No difference was found in age between groups I and II, but differences in age were significant between either of groups I or II and the group III (P<0.001, Table 1 ).
Differences in CD4 + cell count and the level of HIV-1 viral load were significant between groups I and II (P<0.001), which is in agreement with our previous report [26] .
No significant decrease in the CD4 + cell count was found in either group I or II during No significant difference was found in the GMCs of IgG specific to either serotype 4 or 14 in sera among the three groups before vaccination (Table 2) . Two months after CV vaccination, significant increases in the GMCs of IgG specific to both serotypes 4 and 14 were found for all three groups, compared to those before vaccination (P <0.01).
No significant difference was found in the GMCs of IgG specific to serotype 4 among the three groups two months after CV vaccination (P=0.23). In contrast, the GMCs of IgG specific for serotype 14 were highest in group III, followed by group II, with group I having the lowest GMC two months after CV vaccination, and the difference between The concentration of 0.35 μg/ml for serotype-specific IgG has been suggested by world health organization (WHO) working group as a putative measure of protection against invasive disease in infants at a population level after immunization with pneumococcal conjugate vaccine [34] . This working group reported that antibody concentrations of 0.2-0.35 μg/ml correlated best with an OPK titer of 8 [34] , which in turn correlated best with protective efficacy in infants. The proportions of subjects with IgG specific to serotype 4 of ≧ 0.35 μg/ml were 100% in group I, 85.7% in group II and 79.3% in group III before vaccination and 100% for all groups 2 months after CV vaccination in this study. The proportions of subjects with IgG specific to serotype 14 of ≧ 0.35 μg/ml were 100% in groups I and II and 96.4% in the group III, before vaccination and 100% for all groups 2 months after CV vaccination.
The geometric means of serum OPK titers for the serotypes 4 and 14 were similarly low in sera of all three groups before vaccination (Table 3 ). The differences among the three groups were not statistically significant. Two months after CV vaccination, significant increases in the serum OPK titers for both serotype strains 4 and 14 compared to pre-vaccination levels were found in all three groups (P<0.01). The serum OPK titers for both serotypes 4 and 14 were highest in group III followed by group II, with group I having the lowest titers 2 months after CV vaccination. Serum OPK titers for both serotypes 4 and 14 differed significantly between groups I and III at 2, 3 and 8 months after vaccination with CV (P<0.01). Group II had significantly higher OPK titers than group I for serotype 4 at 3 and 8 months post-vaccination with CV, and for serotype 14 at 8 months post-vaccination with CV (P<0.05). In additional experiments, the OPK titers of nine serum samples (three from each group) were determined using strains of DS2382-94 and DS2214-94 which are widely used as target strains for serotypes 4 and 14, respectively. The values of serum OPK titer were identical or close to those determined using the non-reference strains (data not shown).
The proportions of subjects with a serum OPK titer of ≧ 8 were very low (0-4.3%)
for serotype 4 in all three groups before vaccination (Fig.1 The GMCs of serotype-specific IgG required for 50% killing ranged 136-601 ng/ml in the Group I, 79-377 ng/ml in the Group II and 72-316 ng/ml in the Group III, although few data are available for serotype 4-specific IgG before vaccination (Table 4) infections were not involved in this study, because they are recommended to receive ART [1] and are known to be poorly responsive to CV [20, 27] . Serotype 14-specific IgG response to a single dose of CV was dependent on CD 4 + cell counts in HIV-infected adults, which was in agreement with previous reports [20, 22] , but the magnitude of IgG response to CV in our study was higher than that shown in a previous study [22] . In contrast, serotype 4-specific IgG response to a single dose of CV was independent of CD4 + cell counts in our study: this finding was also consistent with a previous study [22] .
The major limitation in this study may be the lack of an unvaccinated control group.
Pneumococcal pneumonia or nasopharyngeal colonization may increase the levels of serotype-specific IgG in sera from subjects, in addition to the immunological effects by vaccination, during the study period [35] . Since only five episodes of pneumonia with unknown etiology were identified in the HIV-infected and HIV-uninfected groups (2 episodes in group I, 1 episode in group II and 2 episodes in group III) during the 8 months (data not shown), we speculate that the possibility of active immunization by pneumococcal pneumonia among study participants was low in this study. Since the nasopharyngeal carriage of pneumococcal strains was not examined in this study, the influence of nasopharyngeal carriage on the levels of IgG and OPK titers in serum cannot be dismissed.
Although a previous study reported an immunological effect of a CV primed PV booster with a 4-weeks interval in HIV-infected adults [23] , no effects of PV following CV vaccination were found in the levels of serotype 4 or 14-specific IgG in our study.
The lack of additional immune response after PV following CV could be explained by the differences in races and ages of the participants and in the timing of the PV boost 2 months following CV in this study [23] . Another reason for the lack of additional immune response by PV might be the increased levels of serotype 4 or 14 specific IgG achieved by CV, because a recent study similarly demonstrated that elderly subjects with a serotype-specific IgG higher than 5 μg/ml in sera before vaccination tended to respond to PV at a lower magnitude [36] . The undiminished persistence of the levels of OPK titers and of IgG shown in this study up to 8 months after CV vaccination may, in part, be explained by the boosting effect of nasopharyngeal carriage of pneumococcal strains [37] .
The general consensus on measuring the serum OPK titers encouraged the authors to develop this assay for the evaluation of immunogenicity in this study [24] . Although an OPK assay for the measurement of functional antibody activity has been available [32] , there were difficulties in achieving differentiation of HL-60 cells into granulocytes in the presence of dimethylformamide as a previous study indicated [38] . In this study, it has been shown that differentiated HL-60 cells by the use of retinoic acid can be applicable for an OPK assay against S. pneumoniae for evaluation of the immunogenicity of CV.
While the proportions of subjects with serotype-specific IgG of ≧ 0.35 μg/ml were higher than 80% and 95% for serotypes 4 and 14 among HIV-infected and HIV-uninfected Ugandan adults in this study, a previous study demonstrated that the proportions of subjects with serotype-specific IgG were less than 10% for serotype 4
and less than 30% for serotype 14 among unvaccinated HIV-infected African children [25] . A relatively low proportion of subjects, however, exhibited OPK titers of ≧8 for serotypes 4 and 14 in both HIV-infected and -uninfected Ugandan adults before vaccination in this study. Although WHO working group reported that 0.2-0.35 μg/ml for the levels of serotype-specific IgG correlate with an OPK titer of 8 in infants [34] , this threshold may not be applicable for unvaccinated adults.
In this study, we determined the levels of serotype-specific IgG, but not IgM or IgA.
While a poor correlation was found between the opsonic activity and the levels of either CPS-specific IgM or IgA, the serum opsonic activity correlated best with the levels of CPS-specific IgG in healthy adults following CV vaccination [39, 40] . The levels of IgG significantly correlated with the OPK titers for serotype 4, except for group II, and for serotype 14, except for group I, 2 months after CV vaccination in this study.
Furthermore, the GMCs of serotype-specific IgG required for 50% killing ranged 79-601 ng/ml in HIV-infected adults and 72-315 ng/ml in HIV-uninfected adults after a single dose of CV vaccination in this study. In contrast, the GMCs of serotype-specific IgG required for 50% killing ranged 2-119 ng/ml in infant populations after CV vaccination [41] [42] [43] . Collectively, our present data suggest that opsonic function of serotype-specific IgG after CV vaccination is much decreased in Ugandan adults, irrespective of HIV infection, than those in infants.
In 
